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EFFECT  OF  FINENESS  OF  SAND 
ON  THE 

TENSILE  STRENGTH  OF  CEMENT  UORTAR. 

The  use  o-r  cement  mortar  has  become  so  general  that  numerous 
experiments  have  been  made  to  determine  the  correct  proportion 
of  the  ingredients  and  the  vyov^  materials  to  be  used;  but  very- 
few  tests  have  been  made  to  determine  the  relative  strength  of 
mortars  made  with  sands  having  different  degrees  of  fineness. 
Because  there  is  a  lack  of  data  upon  this  subject  and  since  a 
correct  knowledge  of  the  effect  of  fine  or  coarse  sand  in  cement 
mortar  is  of  importance  the  experiments  described  in  this  thesis 
were  made.      The  primary  object  of  these  tests  was  to  determine 
the  effect  of  fineness  of  sand  upon  the  tensile  strength  of  cement 
mortar,  but  in  addition  to  this  they  also  give  a  comparison  be- 
tween the  tensile  strength  of  mortars  made  with  limestone  srceen- 
ings  and  with  natural  sand. 

The  tensile  strength  of  about  one  hundred  and  fifty  bri- 
quettes was  determined.     Four  different  degrees  of  fineness 
were  used,  of  both  natural  and  artificial  sand  (limestone  screen- 
ings).    Forty-eight  specimens  were  tested  at  three  different  ages, 
vi1*. ,  one,  four  and  twelve  weeks,  making  in  all  twenty-four  tests. 

The  cement  employed  was  Atlas  American  Portland,  having  a 

fineness  as  shown  in  table  III.     The  sand  used  was  ordinary 

building  sand  from  a  bank  nortli  of  Urbana,  Illinois.    It  was 

sharp  and  fairly  clean,  a  small  quantity  rubbed  between  the  hands 

leaving  them  unsoiled.      The  limestone  screenings  were  from  a 

quarry  at  Kankakee,  Illinois.    The  fineness  of  the  limestone 

screenings  in  given  in  table  I  and  the  fineness  of  the  sand  in 
table  ii. 


The  proportions  of  the  mortar  used  was  one  part  cement,  by- 
weight,  to  two  parts  sand.      The  quantiti'  of  water  used  for  gaug- 
ing was  twelve  per  cent  of  the  weigJit  of  the  dry  material. 

The  briquettes  were  mixed  as  follows:    The  sand  and  cement 
was  weighed,  placed  on  the  mixing  table,  thoroughly  mixed  dry, 
a  crater  formed  in  the  center,  into  which  the  water  was  poured. 
The  material  on  the  outer  edge  was  turned  into  the  crater  by  the 
aid  of  a  trowel  and  as  soon  as  the  water  was  absorbed,  which 
did  not  require  more  than  a  minute,  the  operation  was  completed 
by  vigorously  working  the  mixture  with  a  trowel  for  about  three 
minutes,  or  until  all  the  particles  were  wet  and  well  mixed. 
Then  the  mortar  was  placed  in  the  moulds,  pressed  in  firmly 
with  the  fingers  and  smoothed  off  with  a  trowel.      The  moulds 
containing  the  briquettes  were  covered  with  a  damp  cloth  and 
left  for  one  day.      The  briquettes  were  then  removed  from  the 
moulds  and  placed  in  water  to  remain  until  tested. 

The  tests  were  made  on  the  Fairbanks  Improved  Cement  Testing 
Machine  No.  3184  in  the  cement  laboratory  of  the  University  of 
Illinois.      Care  was  used  in  placing  the  briquettes  in  the  clips 
of  the  testing  machine,  all  sand  or  particles  of  mortar  adhering 
to  the  clips  were  removed  and  the  briquettes  were  carefully 
centered  to  avoid  stresses  due  to  bending.     The  load  was  applied 
at  the  rate  of  six  hundred  pounds  per  minute. 

The  tables  and  curves  on  the  following  pages  show  the  results 
of  the  tests: 
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CONCLUSION. 

These  tests  show  that  the  unsifted  sand  gives  greater  ten- 
sile strength  than  that  which  has  been  sifted  and  that  coarse 
sand  is  preferable  to  fine  when  all  particles  are  of  the  same 
sise.      They  also  indicate  that  natural  sand,  when  the  set  of 
mortar  is  complete  lias  greater  tensile  strength  than  limestone 
screenings.     It  may  be  that  the  greater  strength  of  the  unsifted 
sand  is  due  to  the  fact  that  the  finer  particles  fill  the  voids 
between  the  coarser,  thus  decreasing  the  si^e  of  the  voids  and 
making  a  denser  and  stronger  mortar. , 

Since  the  theory  of  a  correct  proportion  of  the  ingredients 
is  that  the  cement  paste  shall  cover  all  the  surfaces  of  the 
sand,  it  follows  that  with  coarser  sand  there  are  fewer  surfaces 
to  be  covered  and  hence  a  greater  strength  for  mortar  made  with 
coarse  grained  sand.      The  fact  that  limestone  screenings  at 
early  ages  gives  mortar  as  strong, or  stronger  than  natural  sand, 
is  probably  due  to  the  fact  that  the  particles  of  limestone  are 
rougher  and  produce  more  friction  when  moving  upon  each  other 
than  the  particles  of  natural  sand,  but  at  the  later  ages  when 
the  briquettes  were  broken,  the  particles  of  limestone  were 
ruptured  and  seemed  to  give  less  strength  than  the  particles  of 
natural  sand. 

The  limestone  screenings  had  very  much  more  very  fine  mat- 
erial than  the  natural  sand,  which  might  possibly  give  less 
strength  owing  to  the  greater  number  of  voids  to  be  filled. 
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